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Attorney Docket No. 241 70759.2 Non-Provisional Patent Application 

Multiple Layer Directionally Oriented 
Nonwoven Fiber Material and Methods of 
5 Manufacturing Same 

Technical Field 

Disclosed embodiments herein relate generally to nonwoven fiber materials, and 
more particularly to a multiple layer nonwoven fiber material and methods of manufacturing 
10 the same. 

Background 

Nonwoven products have gained continued acceptance in the industry for a wide 
range of applications, particularly as replacements for woven fabrics. The term "nonwoven" 
refers to textile structures produced by bonding or interlocking fibers (or both) accomplished 

15 by mechanical, chemical, thermal or solvent means, or even combinations thereof. Such 

textile structures do not include paper or fabrics that are woven, knitted or tufted. Typically, 
nonwoven materials are composed of simply a single layer of randomly oriented fibers. 
Examples of products employing nonwoven materials to date include facings or top-sheets 
in diapers, incontinent pads, bed pads, sanitary napkins, hospital gowns, cleaning towels, 

20 . carpets, draperies and industrial and commercial goods, such as wipe cloths, tire cords, 
conveyor belts, and hospital fabrics. It is typically desirable to produce the nonwoven 
material so that it has the flexibility and hand softness of a textile, yet is as strong as 
possible. 
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Conventional processes for manufacturing nonwoven materials, such as nonwoven 
glass fiber materials employed in roofing shingles, as well as other products, typically 
follow a similar approach. Specifically, a slurry of glass fibers is made by adding glass fiber 
strands to a pulper to disperse the fiber in the white water. The slurry mixture is then 
5 deposited onto a "forming wire" and dewatered to form a continuous wet nonwoven fibrous 
mat. To dewater the slurry, the water is drawn through the forming wire, leaving the fibers 
from the slurry randomly dispersed over the forming wire to form the mat. A binding agent 
may then be applied to the wet mat to bond the randomly dispersed fibers in their respective 
locations and directions. The mat material is then cut to a desirable size and dried. 

10 Alternative forming methods include the use of well-known "wet cylinder" forming, and 
"dry laying" using carding or random fiber distribution. 

Although conventional nonwoven materials are typically stronger and resist tears 
more than woven materials, the density and/or number of fibers (i.e., the "weight" of the 
material) used to form the material often must be further increased to satisfy some intended 

15 uses. More specifically, while a nonwoven mat may be stronger than a similar woven mat, 
the nonwoven mat's weight may need to be increased to accommodate even further stresses. 
Unfortunately, as the weight of nonwoven materials is increased to accommodate higher 
stresses, the cost of manufacturing also increases. 

It is thus highly desirable to provide for a nonwoven material that can be 

20 manufactured with less weight than conventionally available mats, but with equivalent 

strengths. To do so would allow for advantageous decreases in the cost of manufacturing an 
adequately strong nonwoven material. 
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Brief Summary 

Disclosed herein are embodiments of a multi-layer nonwoven fiber material, and 
related methods of manufacturing the material In one exemplary embodiment, the fiber 
material includes a first layer of directionally aligned fibers together with a second layer of 
5 randomly dispersed fibers dispersed above the first layer. In another exemplary 

embodiment, the fiber material includes a first plurality of fibers horizontally dispersed in 
one or more predetermined directions. In addition, the fiber material includes a second 
plurality of fibers horizontally dispersed over the first plurality of fibers in random 
directions. In this embodiment, the fiber material still further includes binding material 
1 0 binding the first and second pluralities of fibers in their respective directions. 

Methods for manufacturing a fiber material are also disclosed. For example, a 
disclosed method includes dispersing a first plurality of fibers horizontally in one or more 
predetermined directions, as well as dispersing a second plurality of fibers horizontally in 
random directions. In this method, the second plurality of fibers is dispersed over the first 
1 5 plurality of fibers. 

Brief Description of the Drawings 

Reference is now made to the following detailed description of the preferred 
embodiments, taken in conjunction with the accompanying drawings. It is emphasized that 
various features may not be drawn to scale. In fact, the dimensions of various features may 
20 be arbitrarily increased or reduced for clarity of discussion. In addition, it is emphasized 
that some components may not be illustrated for clarity of discussion. Reference is now 
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made to the following descriptions taken in conjunction with the accompanying drawings, in 
which: 

FIGURE 1 illustrates an isometric view of one exemplary embodiment of a two- 
layer nonwoven fiber material; 
5 FIGURE 2 illustrates is a side sectional view of the two-layer nonwoven fiber 

material illustrated in FIGURE 1; 

FIGURE 3 illustrates a close-up view of an exemplary embodiment of a first layer of 
randomly distributed fibers of a nonwoven material formed over directionally aligned fibers; 

FIGURE 4 illustrates a top view of an exemplary pattern of the protuberances on a 
10 forming wire used to produce the directionally aligned fibers illustrated in FIGURE 3; 

FIGURE 5 illustrates a top view of another exemplary embodiment of a pattern of 
protuberances on a forming wire; 

FIGURE 6 illustrates a top view of yet another exemplary embodiment of a pattern 
of protuberances on a forming wire; 
15 FIGURE 7 illustrates a top view of still another exemplary embodiment of a pattern 

of protuberances on a forming wire; and 

FIGURE 8 illustrates an exemplary embodiment of a roofing shingle manufactured 
using a nonwoven material as disclosed herein. 

Detailed Description of Preferred Embodiments 
20 Referring initially to FIGURE 1, illustrated is an isometric view of one exemplary 

embodiment of a two-layer nonwoven fiber material or mat 100. The mat 100 includes a 
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first layer 1 10 and second layer 120 composed of nonwoven glass fibers. Although glass 
fibers have been used in the illustrated embodiment, other embodiments of the mat 100 may 
be formed from other types of fibers. Typically, the type of fibers employed varies 
depending on the desired application of the mat 100. In other exemplary embodiments, 
5 synthetic polymer fibers (e.g., polyester fibers or polyester-glass blend fibers), ceramic and 
inorganic fibers, natural fibers, cellulosic fibers, and mixtures of any or all thereof may be 
employed to form the mat 100. It should also be noted that although the first and second 
layers 1 10, 120 are shown as two separate layers of the mat 100, the second layer 120 is 
actually typically formed over the first layer 1 10, typically in situ. 

10 As illustrated, the mat 100 includes a first layer 1 10 of nonwoven fibers. 

Specifically, the first layer 1 10 is formed from a plurality of directionally aligned fibers. In 
the illustrated embodiment, the first layer 1 10 of the mat 100 includes fibers that are 
directionally aligned in a plurality of linear formations. More specifically, in this 
embodiment, the linear formations are actually a plurality of crossing linear formations, 

15 crossing in two distinct directions. While the two directions are perpendicular to one 
another, in the exemplary embodiment, numerous other arrangements may also be 
employed. In addition, the number of linear formations used to form the first layer 1 10, as 
well as their respective directions, is not limited to only two directions, as discussed in 
greater detail below. 

20 The mat 100 of FIGURE 1 also includes a second layer 120 comprised of randomly 

dispersed fibers, i.e., a plurality of fibers arranged in any of a number of random directions. 
As such, the randomly dispersed fibers lay among and upon one another in the manner 
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typically found in conventional nonwoven fiber materials. The second layer 120 of fibers is 
formed over the first layer 1 10 of directionally aligned fibers, and is preferably formed to a 
substantially uniform thickness across the entire layer. Such uniformity provides for 
uniform strength characteristics across the entire second layer 120. 
5 As with the second layer 120, the fibers in the first layer 110 may be deposited such 

that the first layer 110 also has a substantially uniform thickness thereacross. Such an 
embodiment typically provides substantially uniform strength characteristics across the 
entire first layer 1 10. Moreover, when both the first and second layers 1 10, 120 have a 
substantially uniform thickness, the entire mat 100 benefits from substantially uniform 

10 strength characteristics across its entirety. 

Looking now at FIGURE 2, illustrated is a side sectional view of the two-layer 
nonwoven fiber material 100 illustrated in FIGURE 1. As illustrated, the second layer 120 
of fibers is formed over the first layer 1 10 of fibers, and both have been formed to a 
substantially uniform thickness. For clarity of discussion, it should be appreciated that this 

15 sectional view of the mat 100 only illustrates one set of linear formations 210 within the first 
layer 1 10, rather than showing both sets of linear formations. 

By only illustrating one set of linear formations 210, FIGURE 2 more clearly 
illustrates the directional alignment of the fibers comprising the linear formations 210. 
More specifically, FIGURE 2 shows the linear formations 210 as viewed from one end of 

20 the formations 210. Only ends of the fibers (one of which is designated 220) forming the 
first layer 1 10 are therefore visible from this view, since the fibers 210 are directionally 
aligned in the same direction as the linear formations 210. As a result, the linear formations 
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210 are formed in long, narrow strands of multiple directionally aligned and horizontally 
dispersed fibers 220 extending across the mat 100. 

Also illustrated in FIGURE 2 is an exemplary forming wire 230. As mentioned 
above, the forming wire 230 is employed to form the mat 100. The exemplary forming wire 
5 230 is specifically designed for formation of the mat 100. Specifically, conventional 

forming wires typically comprise a simple and substantially flat screen on which the fibers 
in a slurry come to reset in a random orientation as the water 250 is drawn or otherwise 
removed from the slurry through the forming wire. In contrast, the forming wire 230 
provided herein includes a similar flat portion, but also includes raised forming 

10 protuberances (an exemplary one of which is labeled 240) extending from the flat portion of 
the forming wire 230. 

In this exemplary embodiment, the forming protuberances 240 form grooves or 
channels in the forming wire 230 having a depth of about .063 inches. In the same 
embodiment, the forming protuberances 240 may be arranged to form grooves therebetween 

1 5 having a width of about .1165 inches. By employing forming protuberances 240 on the 

forming wire 230, as the water 250 is removed from the slurry and the fibers come to rest on 
the forming wire 230, initial ones of the fibers are aligned by and between the forming 
protuberances 240. Once these fibers are aligned, they come to rest on the flat portion of the 
forming wire 230 in between the forming protuberances 240, thus forming the linear 

20 formations 210 of directionally aligned fibers of the first layer 110. 

After the spaces in between the forming protuberances 240 are filled with fibers 
directionally aligned to lay therebetween, the thickness of the linear formations 210 
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substantially equals the height of the forming protuberances 240. At this point in the 
manufacturing process, the remaining fibers in the slurry can no longer be aligned between 
the forming protuberances 240 as the water 250 continues to be removed through the 
forming wire 230. Thus, the remaining fibers begin to horizontally disperse randomly over 
5 both the tops of the forming protuberances 240, as well as over the linear formations 210. 
This random dispersion of fibers results in the second layer 120 having the randomly 
oriented fibers discussed above formed over the first layer 110. 

In a specific exemplary embodiment, the overall thickness of the mat 100 is about 
.035 inches, and the first layer 110 comprises a thickness of only about .002 inches to about 

10 .010 inches, as measured from the second layer 120, of the total thickness of the mat 100. 
Of course, a nonwoven material constructed according to the principles disclosed herein is 
not limited to any particular thickness for the first layer 110, nor any particular overall 
thickness for the material itself. In fact, in some embodiments, the thickness of the first 
layer 1 10 is about 50% of the overall thickness of the mat 100. Moreover, one factor that 

15 may be used in selecting the thickness of the first layer 1 10 is the desired overall weight of 
the material of a desired thickness. Specifically, since the first layer 1 10 is composed of 
only linear formations with spaces therebetween defined by the protuberances 240, the 
overall weight of the first layer 110 would be less than an equally thick conventional layer 
formed with randomly dispersed, but similarly sized, fibers. Although having less weight, 

20 the directionally aligned fibers in the first layer 1 10 will typically provide greater strength 
characteristics than a material formed with random fibers having the same thickness. 
Examples of such differences in strength are explored in further detail below. 
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Once the two layers 1 10, 120 of fibers have been formed using the forming screen 
230 and the disclosed process, an aqueous binding material may then be applied to the 
nonwoven material. In such embodiments, the binding material is distributed among the 
fibers within the first and second layers 1 10, 120 in order to bond the individual fibers in 
5 their respective locations. For example, the binding material employed may be comprised of 
an organic compound, such as, but not limited to, acrylic latex, urea-formaldehyde, SBR 
latex, acrylic emulsions, and mixtures thereof. Of course, other appropriate types of binding 
agents may also be used to hold the fibers in position after the material is formed. 

The nonwoven material may next be dried to remove any remaining water and to 

1 0 cure (e.g., polymerize) the binding material when such material is used. The drying may be 
accomplished using high-powered heat machines configured to direct heated air across the 
nonwoven material, but other techniques are also within the broad scope of the present 
disclosure. For example, in a drying and curing oven, the nonwoven material may be 
subjected to temperatures of 250-500°F, for periods usually not exceeding 4 to 5 minutes, to 

1 5 produce a cured, flexible, nonwoven fiber material. 

Finally, the nonwoven material may be cut to a desired size. Preferably, a precision 
cut is performed on the finished nonwoven material to provide a finished width for the 
nonwoven fiber material. Such a precision cut allows the nonwoven material to be precisely 
trimmed to a desirable size (width), depending on the intended use of the material, without 

20 excessive waste of material. Moreover, the nonwoven material may be cut into a plurality of 
mats having a specific length, as well as width. For example, if the nonwoven material is to 
be used in roofing shingles, the material may be cut to the desired length at this point in the 
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process. Alternatively, the entire length of nonwoven material may simply be rolled into a 
large roll for shipment, and then cut to the desired length(s) once received at another 
location. 

Turning now to FIGURE 3, illustrated is a close-up view of an exemplary 
5 embodiment of directionally aligned fibers of a nonwoven material 300. More specifically, 
the close-up view of FIGURE 3 shows a plurality of intersections between three sets of 
linear formations 3 10. In such an embodiment of a nonwoven fiber material 300, the linear 
formations 310 may be formed so as to intersect at any of a variety of angles. 

The alignment of each set of linear formations 310 with respect to one another, and 
10 thus the angles of intersection between the sets, may be selected through the pattern present 
on the forming wire used to form the nonwoven material 300. However, in addition to the 
orientation of the sets of linear formations 310, other factors to be considered in determining 
the final strength of such material 300 include width and height of each of the linear 
formations 310. Specifically, the amount or number of fibers included in each of the linear 
15 formations 310 may be adjusted depending on the desired strength, size, and overall weight 
of the final nonwoven material 300. 

In this specific exemplary embodiment, three sets of exemplary linear formations 
3 10 are illustrated, with each set aligned in a specific corresponding direction. In a specific 
example, the fibers that are horizontally aligned to create the linear formations 310 are fibers 
20 having a diameter ranging from about 0.00001 inches to about 0.00100 inches, and in a 
more specific embodiment, they are glass fibers ranging from about .0004 inches to about 
.0007 inches. In other embodiments, even wood fibers having a diameter as large as about 
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0.0300 inches may also be employed, and a nonwoven material constructed according to the 
principles disclosed herein is not limited to any particular fiber, or diameter of fiber. In 
addition, each of the fibers comprising the linear formations 310 may have a chopped length 
ranging from about 0.10 inches to about 1.5 inches; in this example, the fibers have a length 
5 of about 1 inch. Moreover, as with the mat 100 in FIGURE 2, the material 300 may be 
formed to a final thickness, including both the first and second layers, of about .035 inches, 
with the linear formations 310 (i.e., the first layer) having a thickness of about .002 to .010 
inches. Furthermore, the exemplary material 300 also includes binding material to bond the 
fibers in position, where the binding material comprises about 5%-30% of a total weight of 

1 0 the fiber material. 

Manufacturing such an exemplary nonwoven material 300 results in a material 
having a tear-strength under the Elmendorf Tear Test greater than a single layer fiber 
material having a substantially equal total thickness and weight, and comprising only 
randomly dispersed similar fibers. More specifically, Table 1 sets forth a comparison of test 

15 results (using standard industry tests) between a conventional nonwoven fiber material, 
which is comprised of a single layer of randomly dispersed fibers, and a nonwoven fiber 
material constructed using the principles disclosed herein. For both materials, 15% of the 
weight of the material is binder material (Borden 413F® in this experiment), and the overall 
weight of each of the materials is 1 .61b/square. In addition, in Table 1 "a Tears" means the 

20 standard deviation in tear strength for n samples, and "a Tensile" means the standard 
deviation in tensile strength for n samples. Also, the "Mean Tear" and "Mean Tensile" 
measurements are an average taken over a number of samples tested, n. 
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TABLE 1 



1.61b/square mat 

15% binder 
(Borden 413F) 


Mean 
Tear, g 


% 
Change 


CT 

Tear, 
g 


n 


Tensile, 
lb/3" 


% 
Change 


CT 

Tensile, 
lb/3" 


n 


Conventional 
Single Layer 
Nonwoven 


326 




119 


24 


111 




10 


12 


Novel Two- Layer 
Directional 
Nonwoven 


393 


t 21% 


123 


24 


94 


445% 


19 


12 



As is visible from the experimental results set forth in Table 1, the nonwoven fiber 
material 300 disclosed herein clearly has increased tear strength at a slight expense of tensile 
strength relative to the same mass (e.g., amount of fibers) of a conventional nonwoven 
material. Moreover, since the disclosed nonwoven material typically has stronger 
characteristics over conventional nonwoven materials, a material having a lower fiber weight 
than such conventional materials may be constructed according to the processes disclosed 
herein. In such embodiments, the weight of the novel material may be significantly less than 
that of comparable conventional materials, yet selected so that the novel material retains the 
same tear and tensile characteristics found in the conventional material. 

Since a primary portion of the costs associated with manufacturing nonwoven 
materials is the amount of fibers used, the principles disclosed herein may be employed to 
secure significant savings in manufacturing costs by providing a comparably strong 
nonwoven material having significantly less weight or mass than conventional materials. 
The manufacturing savings would be especially substantial to manufacturers producing 
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volumes of nonwoven materials. The principles disclosed herein may also be employed with 
respect to weaker fibers (and consequently less expensive) to provide for nonwoven materials 
having substantially similar strength characteristics relative to conventional nonwoven 
materials of the same weight, but using stronger fibers. 
5 Turning now to FIGURE 4, illustrated is a top view of an exemplary pattern 400 of 

the protuberances on a forming wire used to produce the directionally aligned fibers 310 
illustrated in FIGURE 3. As illustrated, the protuberances (one of which is labeled 410) may 
be substantially round when viewed from the top, but the principles for manufacturing the 
novel nonwoven material are not limited to any particular shape for the protuberances. As 

10 may be seen in FIGURE 4, the specific arrangement of the protuberances 410, as well as the 
spacing selected therebetween, may be selected so as to provide three exemplary major linear 
formations 310 of horizontal, directionally aligned fibers. In addition, the pattern 400 
provides the opportunity for minor linear formations 420 (e.g., having less fibers, and thus 
smaller, than major linear formation 310) aligned in other directions. 

15 Providing multiple linear formations in crossing directions increases the strength 

characteristics of a nonwoven material manufactured using the disclosed methods, since tears 
(or other stresses) experienced across the material will typically have to cross at least one of 
the linear formations. Since multiple fibers are directionally aligned to form the linear 
formations 310, tearing across the linear formations 310 is substantially resisted. More 

20 specifically, in a nonwoven material made from only randomly dispersed fibers, tears or 
other stresses across the material will put stress directly across some fibers, while much of 
the stress will be applied between fibers that extend in the same direction as the tear. Stress 
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applied in such directions simply works against the binding material and separates the 
adjacent fibers. In contrast, tears and other stresses applied across the linear formations 310 
provided herein have to work to break the aligned strands of fibers forming the linear 
formation 3 10, as well as the binding material. A variety of forming wires may be 
5 constructed and utilized to form nonwoven materials constructed with the principles 

disclosed herein. The FIGURES 5-7 each provides exemplary embodiments of protuberance 
. patterns that may be employed in a forming wire. 

Turning next to FIGURE 5, illustrated is a top view of another exemplary 
embodiment of a pattern 500 of protuberances on a forming wire. The arrangement of the 

10 pattern 500 in FIGURE 5 is similar to that of the pattern 400 illustrated in FIGURE 4 in that 
both have arrangements of protuberances that follow a Cartesian coordinate layout. 
However, the spacing of the protuberances in the pattern 500 differs such that only two major 
linear formations 510 are formed, each on a diagonal, and two minor linear formations 520 
are formed, each offset 45° from the major linear formations 510. In such an embodiment, 

1 5 the two major linear formations 5 1 0 are perpendicularly oriented with respect to one another, 
while the two minor linear formations 520 are as well. 

Moreover, the orientation of the linear formations 510, 520 with respect to the edges 
of the finished nonwoven material may be selected with the expected path(s) of potential 
tears in mind. This may be accomplished by selecting the arrangement of the protuberances 

20 on the forming wire based on the desired orientation of the linear formations 510, 520. As 
such, the pattern 500 may be created so that the directions of expected tears are perpendicular 
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to one or more of the major linear formations 510, 520, thus further increasing resistance to 
tears and other stresses. 

Looking now at FIGURE 6, illustrated is a top view of yet another exemplary 
embodiment of a pattern 600 of protuberances on a forming wire. The particular 
5 arrangement of protuberances for this pattern 600 is also arranged in a Cartesian coordinate 
layout. However, twice the number of protuberances are employed, as compared to the 
pattern 500 in FIGURE 5. As a result of this arrangement, only two major linear formations 
610 are formed, this time each on a perpendicular to the material edges, while two minor 
linear formations 620 are formed, each on a diagonal and offset 45° from the major linear 

10 formations 610. As with the pattern 500 in FIGURE 5, in this embodiment, the two major 
linear formations 610 are perpendicularly oriented with respect to one another, while the two 
minor linear formations 620 are as well. 

Moreover, because more protuberances are employed in the illustrated pattern, the 
spacing of the grooves defining the widths of the linear formations 610, 620 may be smaller 

15 than found in other patterns. Of course, in some embodiments, while more protuberances 
may be used, the pattern may provide for a greater spacing therebetween. Thus, in all 
embodiments of a forming wire designed for use under the principles disclosed herein, the 
arrangement of the protuberances may be selected for a desired directional layout of linear 
formations 610, 620, while the spacing between protuberances (and their height) may be 

20 selected to change the dimensions of the linear formations 610, 620 themselves. 

Turning to FIGURE 7, illustrated is a top view of still another exemplary 
embodiment of a pattern 700 of protuberances on a forming wire in accordance with the 
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principles disclosed herein. Rather than arranging the plurality of protuberances in a 
Cartesian coordinate layout, as with the forming wires in FIGURES 4-6, the pattern 700 
illustrated in FIGURE 7 is arranged using a triangular coordinate layout. As a result of this 
type of arrangement, three major linear formations 710 of fibers may be created in the 
5 nonwoven material. Moreover, in this embodiment, the linear formations 710 intersect 

substantially equally at 60° from each other, providing a uniform layout of linear formations 
710. While not shown, the spacing of the protuberances may also be selected to allow the 
formation of one or more minor linear formations as well. Of course, it should be noted that 
forming wires designed for use in the manufacturing processes disclosed herein are not 

10 limited to Cartesian or triangular coordinate layouts, and any arrangement of protuberances 
may be employed depending on the desired results of the first layer of fibers on the 
nonwoven material produced. 

Turning finally to FIGURE 8, illustrated is an exemplary embodiment of a roofing * 
shingle 800 manufactured using a nonwoven material as disclosed herein. The roofing 

1 5 shingle 800 may be manufactured by laminating a bituminous material, for example, an 
asphalt-based layer, to form a bituminous layer 810 (which may contain other materials as 
well) over a nonwoven roofing mat 820 made from the nonwoven material as described 
above. As illustrated, the nonwoven roofing mat 820 includes first and second layers of 
fibers. Specifically, the first layer is composed of directionally aligned fibers arranged in 

20 linear formations 830, while the second layer is formed over the first layer as is comprised of 
randomly dispersed fibers. 
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After being coated with the bituminous layer 810, granules 840 may be applied to the 
top of the roofing shingle 800. The granules 840 are pressed into the bituminous layer 810 in 
any suitable manner, such as the use of granule press. The roofing shingle 800, which is 
originally manufactured in one continuous sheet, is cut from the continuous sheet by a 
cutting cylinder or similar device. After individual shingles 800 are cut, each may be 
processed with commonly used machinery for handling roofing shingles, such as a shingle 
stacker to form stacks of shingles to be bundled for shipping. In alternative embodiments, 
the nonwoven material used to form the fiber mat 810 may be used to form roofing 
membranes, or other roofing materials, rather than roofing shingles, and the disclosure herein 
should not be understood to be limited to any particular product. 

In the exemplary embodiment of a roofing shingle, experiments of the tear strengths 
of roofing shingles employing both conventional nonwovens and the nonwoven fiber 
material disclosed herein were also conducted. Table 2 sets forth the results of such a 
comparison, again performed with multiple samples (n) using the Elmendorf Tear Test. 



TABLE 2 



1.61b/square mat 








a Tear, 
g 






15% binder 


Tear, g 


Min,g 


Max, g 


n 


COV, % 


(Borden 41 3F) 












Conventional 














Single Layer 


1,089 ' 


816 


1,507 


207 


10 


19.0 


Nonwoven 














Novel Two-Layer 
Directional 


1,480 


1,248 


1,708 


153 


10 


10.3 


Nonwoven 














Percent Difference from 
Control 


1 36% 


t 53% 


1 13% 






4-46% 
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As is visible from the experimental results set forth in Table 2, roofing shingles 
manufactured with the disclosed nonwoven fiber material have better tear resistance over 
comparable conventional roofing shingles of the same weight. The percent coefficient of 
variation in tear results [(standard deviation)/mean] demonstrates better uniformity in tear 
5 performance for the novel shingle product over comparable conventional shingle products. 
This is desirable for better process control as well. Moreover, since the disclosed nonwoven 
material typically has stronger characteristics over comparable conventional nonwoven 
materials, a roofing shingle having a significantly lower nonwoven fiber weight than roofing 
shingles made from conventional nonwoven fiber materials, yet having the same tear and 

10 tensile factors found in the conventional shingle, may be constructed as disclosed herein. 

While various embodiments of a multi-layer nonwoven fiber material, and related 
methods for manufacturing the material, according to the principles disclosed herein have 
been described above, it should be understood that they have been presented by way of 
example only, and not limitation. The breadth and scope of the invention(s) should thus not 

15 be limited by any of the above-described exemplary embodiments, but should be defined 
only in accordance with the following claims and their equivalents. Moreover, the above 
advantages and features are provided in described embodiments, but shall not limit the 
application of the claims to processes and structures accomplishing any or all of the above 
advantages. 

20 Additionally, the section headings herein are provided for consistency with the 

suggestions under 37 CFR 1.77 or otherwise to provide organizational cues. These headings 
shall not limit or characterize the invention(s) set out in any claims that may issue from this 
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disclosure. Specifically and by way of example, although the headings refer to a "Technical 
Field," the claims should not be limited by the language chosen under this heading to 
describe the so-called technical field. Further, a description of a technology in the 
"Background" is not to be construed as an admission that technology is prior art to any 

5 invention(s) in this disclosure. Neither is the "Brief Summary" to be considered as a 

characterization of the invention(s) set forth in the claims found herein. Multiple inventions 
are set forth according to the limitations of the multiple claims associated with this , 
disclosure, and the claims accordingly define the invention(s), and their equivalents, that are 
protected thereby. In all instances, the scope of the claims should not be constrained by the 

1 0 headings set forth herein. 
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